Introduction
In this chapter, we are presenting the review of the acid base disorders. The emphasis is on the pathophysiology and the underlying concepts. The complicated formulas and graphs are avoided and things are explained in the simple language. The basic acid base disorders namely metabolic acidosis, metabolic alkalosis, respiratory acidosis and respiratory alkalosis are discussed in detail. When appropriate the information is presented in the table forms to make it clear. Important references are also given for the interested readers.
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H + + HPO4 -2 <-> H2PO4 -H + + Hgb -<-> HHgb H + + Protein -<-> HProtein
Bone
It is an important buffer for acid and base loads with as much as 40 percent contribution in buffering (Halperin & Goldstein, 2002; .
Types of acid base disorers
There are four types of acid base disorders. A patient may present with one (simple) or more than one (mixed) disorder. Metabolic Acidosis Metabolic Alkalosis Respiratory Acidosis Respiratory Alkalosis
Acidosis
Acidosis is a process which tends to raise the hydrogen ion (H+) concentration.
Metabolic acidosis
When the process of acidosis is primarily due to retention of non volatile acid or due to bicarbonate loss, it is called metabolic acidosis. The arterial pH is low as well as serum bicarbonate concentration (Kraut & Madias, 2010) .
Respiratory acidosis
When the process of acidosis is primarily due to CO2 retention, it is called respiratory acidosis. The arterial pH is low and PCO 2 is high (Corey, 2005) .
Alkalosis
Alkalosis is a process which tends to lower the hydrogen (H + ) concentration.
Metabolic alkalosis
When the process of alkalosis is primarily due to loss of non volatile acid or due to retention of bicarbonate, it is called metabolic alkalosis. The arterial pH is high as well as serum bicarbonate concentration (Corey, 2005) .
Respiratory alkalosis
When the process of alkalosis is primarily due to CO 2 loss, it is called respiratory alkalosis.
The arterial pH is high and PCO 2 is low. Acidosis and alkalosis are the processes. Acidemia and alkalemia are the end result of these processes. Acidosis induces acidemia and alkalosis induces alkalemia.
In the body, these processes of acidosis and alkalosis never stop and one should use the terms acidosis and alkalosis rather than acidemia and alkalemia.
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Compensations
The body responds to acid and base disorder by changes to bring the pH towards normal value. In respiratory disorders, bicarbonate (HCO3) changes to compensate. In metabolic disorders, partial pressure of carbon dioxide (P CO 2 ) changes to compensate. It is worthy of note that compensation always occurs in the same direction as the primary disorder (Adrogue & Madias, 1998; Corey, 2005) .
Acute and chronic
Respiratory acidosis and respiratory alkalosis are divided into two groups, acute and chronic, on the basis of their compensation. There are no plasma buffers for respiratory acidosis or alkalosis. The role of intracellular buffers and bone buffers is minor. The renal compensation takes about 3 to 5 days to complete. Hence the acute phase continues for 3 to 5 days. Once full renal compensation is in place, the respiratory acidosis and respiratory alkalosis are called chronic. On the other hand, metabolic acidosis and metabolic alkalosis are not divided into acute and chronic groups. However, sometimes the terms acute metabolic acidosis or alkalosis, and chronic metabolic acidosis or alkalosis are used. They indicate the time period, and not the compensatory response. In the metabolic disorders, the plasma buffers act immediately and respiratory compensation occurs quickly with in minutes to hours, so the acute phase, if any, is very brief (Schrier, 2003) .
Diagnosis of acid base disorders
Evaluation of any acid-base disorder requires measurement of arterial blood gases (ABGs) and serum bicarbonate (HCO -3 ) concentration. The Henderson-Hasselbalch equation shows that the pH is determined by the ratio of HCO -3 concentration to PCO 2 . In metabolic acidosis, the primary event is a drop in the serum HCO -3 and P CO 2 drops as a secondary response. In respiratory alkalosis, the primary event is a drop in PCO 2 and bicarbonate drops as a secondary event. PCO 2 and HCO -3 both will be low in metabolic acidosis as well as in respiratory alkalosis. The pH will be low in metabolic acidosis and high in respiratory alkalosis (Boron, 2006; Corey, 2005; DuBose & Hamm, 1999; Kellum, 2007; Lowenstein, 1993) . Similarly, PCO 2 and HCO -3 will be high in metabolic alkalosis as well as in respiratory acidosis. The pH will be high in metabolic alkalosis and low in respiratory acidosis. The second step in the diagnosis of acid base disorders is to evaluate the degree of compensation. Once the disorder is diagnosed, the degree of compensation should be assessed. The expected degree of compensation is predefined on the basis of studies and experiments done by the scientists (Table 2) . 
Disorder

Metabolic acidosis
The diagnosis of a simple metabolic acidosis requires low serum bicarbonate and a low extracellular pH.
Mechanism of acid production
The pathophsiology is better understood if we classify the metabolic acidosis on the basis of the mechanisms of acid production (Table 3) .
(1) Increased Acid (H+) Generation
In these disorders, there is either an increased H + generation due to deranged metabolism in the body or by the increased administration of chemicals which are the source of H + ions. Examples of the first are lactic acidosis, keto acidosis and examples of the later are methanol poisoning, ethylene glycol poisoning, and salicylate poisoning.
(2) Increased Loss of HCO -3
In these disorders, the primary event is loss of HCO -3 , which in turn leaves behind H + ions. Examples are diarrhea, ureteral diversion, and proximal renal tubular acidosis (RTA type 2).
(3) Diminished Renal Acid (H+) Excretion
In these disorders, there is decreased excretion of acid (H + ) from the kidneys. 
High and normal anion gap
Metabolic Acidosis may also be divided in two groups according to the serum anion gap. 1. High Serum Anion Gap Metabolic Acidosis 2. Normal Serum Anion Gap Metabolic Acidosis (Table 4) The terms gap and non gap metabolic acidosis are used sometimes. There is always an anion gap, normal, high, low, or negative. The gap/no gap terminologies should be abandoned.
Increased Anion Gap
Advaned Renal Failure Lactic acidosis Ketoacidosis Methanol Poisoning Ehylene Glycol Poisoning Salicylate Poisoning
Normal Anion Gap
Early Stages of Renal Failure Renal Tubular Acidosis (all types) Diarrhea Ureteral diversion Although, serum potassium (K) is also routinely measured but it is omitted from calculations. The reasons for omission of K from calculation are twofold. First, its serum concentration range is small, and second, if it is changed drastically, patient will succumb to its consequences before the change in the anion gap is considered. The serum anion gap may also be written as following.
Serum AG = Unmeasured anions -Unmeasured cations
Unmeasured anions are albumin, lactate, sulfate, urate, phosphate, and other anions. Unmeasured cations are potassium, magnesium, calcium, and other cations. Serum AG will increase when there is a rise in the unmeasured anions or fall in the unmeasured cations.
The serum anion gap (AG) will not increase if the H + ion is accompanied by chloride. Serum AG will increase if acid H + accompanies an anion other than chloride. The normal range of the serum AG is 10± 3 meq/L. Negatively charged serum albumin contributes most of the serum AG. One g/dL of serum albumin is equal to 2.5 meq/L of anion gap. Examples of normal AG metabolic acidosis are diarrhea and RTA. Examples of high AG metabolic acidosis are lactic acidosis, keto acidosis, renal failure, methanol poisoning, and ethylene glycol poisoning (Corey, 2005; Emmett & Narins, 1997; Fidkowski & Helstrom, 2009 ).
Delta anion gap/delta bicarbonate
The ratio of increase in serum Anion Gap to decrease in plasma bicarbonate is called Delta AG (Δ AG)/Delta HCO -3 (Δ HCO -3 )) ratio, or just Δ/Δ ratio. It is a useful tool in sorting out the cause of metabolic acidosis. In case of high anion gap metabolic acidosis, the drop in HCO -3 should match the rise in the AG. In other words, the Δ/Δ ratio should be 1:1. In lactic acidosis, AG increases more than the drop in serum HCO -3 and Δ/Δ ratio may be as high as 1.6:1. The reason for this discrepancy is buffering of the part of the H + by the intracellular and bone buffers. The part of the H + which is taken care by the intracellular and bone buffers does not lower the serum HCO -3 concentration. The accompanied anion (lactate) remains in the extracellular fluid and raises the AG. In ketoacidosis, the Δ AG/Δ HCO -3 ratio is usually 1:1 due to partial excretion of ketones from the kidneys which balance out the intracellular and bone buffering. In mixed high anion gap and normal anion gap metabolic acidosis, the Δ AG/Δ HCO -3 ratio will be less than one (Fidkowski & Helstrom, 2009; Kellum, 2007; Rastegar, 2007) . In mixed metabolic alkadosis and metabolic acidosis, the Δ AG/Δ HCO -3 ratio will be more than 2. It this case, the drop in HCO -3 is much less than the rise in AG due to concomitant metabolic alkalosis.
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In the following paragraphs urinary anion gap, urinary osmolar gap, and serum osmolar gap are explained. These are the commonly used investigations in solving the complicated acid base disorders.
Urinary anion gap
The urinary anion gap is the difference between major urinary cations (sodium and potassium) and major urinary anions (chloride). It is calculated as follows:
Urinary AG is an indirect measurement of urinary ammonium (NH + 4 ) excretion. Negative value means chloride concentration of urine is higher than the sum of sodium and potassium. Negative urine AG is an appropriate response to metabolic acidosis. An increased NH + 4 excretion results in enhanced acid removal from the kidney, for example, in diarrhea (DuBose TD Jr, et al. 1991; Oh & Carrol, 2002; Schoolwerth, 1991) . Positive value means chloride concentration of urine is less than the sum of sodium and potassium. Positive urine anion gap indicates decreased NH + 4 excretion, and decreased acid removal from the kidney, for example in renal tubular acidosis (Batlle et al., 1988) .
Urinary osmolar gap
Just like urinary AG the urine osmolar gap (UAG) is a measure of urinary NH + 4 excretion. An advantage of urine osmolar gap is that, it is not dependent on urinary chloride. It takes account of all the urinary anions accompanied with ammonium. It is calculated as follows:
Urinary Osmolar Gap = Measured urine osmolality -Calculated urine osmolality Calculated urine osmolality= 2 x (Na + K) + Urine Urea Nitrogen + Urine Glucose 2 . 8 1 8
In the above formula, 2 indicates the anions accompanying sodium and potassium. Na and K are in meq/L , Urea Nitrogen and glucose are in mg / dl. (Kamel et al., 1990) .
Serum osmolar gap
It is the difference between measured serum osmolality and calculated serum osmolality. Measured serum osmolality includes all the serum osmoles. Calculted osmolality includes only some selected ones (Kamel et al., 1990) . Calculated Serum Osmolality= 2 x Na + Blood Urea Nitrogen mg/dl + Blood Glucose mg/dl 2.8 18
In the above formulas, 2 indicates the anions accompanying sodium. Normal serum osmolar gap is about 5 to 10. Examlpes of high osmolar gap metabolic acidosis are methanol and ethlylene glycol intoxication. There are conditions when serum osmolar gap is high with out acidosis, eg. mannitol infusion and ethanol ingestion (Lynd et al., 2008) .
Stewart approach
Traditionally, the hydrogen ion concentration (pH) of blood is expressed as a function of the ratio of PCO 2 and serum HCO -3 based upon Henderson-Hasselbalch equation. An alternative approach was proposed by Stewart, which is called Stewart's approach or strong ion difference (SID) approach. The SID is the difference between the concentration of strong cations and concentration of strong anions in the plasma. Major strong cations are Na + , K + , Ca ++ , Mg ++ , and the major strong anions are Cl -and lactate -. According to SID approach, there are six primary acid-base disturbances. These are respiratory acidosis, respiratory alkalosis, strong ion acidosis, strong ion alkalosis, nonvolatile buffer ion acidosis, and nonvolatile buffer ion alkalosis. Stewart proposed that the serum bicarbonate concentration is not independent and does not play an active role in the determination of the H + concentration. According to Stewart's theory of SID, the plasma concentrations of nonvolatile weak acids and PCO2 are independent variables. Nonvolatile total weak acids are phosphate and charges of albumin. The pH depends upon these three variables and not on HCO3/ PCO 2 ratio. The SID method was presented by Stewart as an alternative to serum AG method for solving the acid-base problems. However, it did not get the popularity. Many physiologists believe that Stewart's method does not give any additional information if serum AG is corrected for serum albumin concentration (Fidkowski & Helstrom, 2009; Kellum et al., 1995) .
Modified base excess method
Base excess is the amount of acid or base that must be added to the solution to bring the pH to 7.4 at PCO 2 of 40 mmHg and temperature of 37 o C. Negative base excess means there is acidemia and positive base excess means there is alkalemia. The modified or sometimes called "standardized base excess method" is based upon Stewart's theory. It may be defined as the amount of strong acid or strong base required to bring the pH to 7.4 and PCO 2 to 40 mmHg (Fidkowski & Helstrom, 2009; Kraut & Madias, 2007; Rastegar, 2009 
Chronic and acute renal failure
The new name for chronic renal failure is chronic kidney disease and the new name for acute renal failure is acute kidney injury. Metabolic acidosis in renal failure results from reduced number of functioning nephrons. The single nephron function is intact. The initial stages of renal dysfunction give rise to normal anion gap and later stages give rise to high anion gap metabolic acidosis. The anions accompanying the acid are sulfate, phosphate and urates. In early stages of renal failure, these anions are excreted without problem; thus the anion gap remains normal.
In latter stages of renal failure, there is retention of these unmeasured anions and high anion gap metabolic acidosis develops (Kraut & Kurtz, 2005; Narins & Emmett, 1980) .
Methanol and ethylene glycol intoxication
Methanol and ethylene glycol are ingested for pleasure as a substitute for ethanol , and also in the suicidal attempts, or taken accidently. Moonshine is a nick name of methanol when it is made illegally or locally using the radiators of the motor vehicles. Antifreeze solution contains high concentration of ethylene glycol (Lynd et al., 2008) .
Methanol
Methanol is oxidized to formate by alcohol dehydrogenase and aldehyde dehydrogenase. Formate causes retinal injury with optic disc edema, blindness which may be permanent and basal ganglia injury. High anion gap metabolic acidosis develops, due to accumulation of formate (formic acid). Serum AG is increased. (Kraut & Kurtz, 2008) . Serum osmolar gap is increased.
Ethylene Glycol
Ethylene Glycol is metabolized to glycolate (glycolic acid), oxalate (oxalic acid), and glyoxylate by alcohol dehydrogenase and aldehyde dehydrogenase. Renal failure occurs due to renal tabular damage by glycolic acid and precipitation of oxalate crystals in the kidneys. High anion gap metabolic acidosis develops due to accumulation of glycolic acid and oxalic acid . Serum AG is increased. (Kraut & Kurtz, 2008) . Serum osmolar gap is increased.
Lactic acidosis
Lactic acidosis is one of the most common causes of metabolic acidosis. Lactic acid is derived from the metabolism of pyruvic acid, which is generated from glucose and amino acids. Increased anaerobic metabolism lead to increased lactate production. The lactate produced in lactic acidosis is L-Lactate type, the accumulation of which gives rise to high anion gap. The causes of lactic acidosis can be divided into type A, and type B. Type A lactic acidosis is associated with obviously impaired tissue oxygenation, for example, in shock, sepsis, hypovolemia, and cardiac failure. In type B lactic acidosis, the impairment in oxygenation is not apparent. There is mitochondrial dysfunction due to toxins and drugs like metformin and nucleoside reverse transcriptase inhibitors (NRTIs).
D-lactic acidosis
D-lactate is produced in the colon from metabolism of starch and glucose by the grampositive anaerobes. In the setting of short bowel syndrome and malignancy, over production of D-lactate with severe metabolic acidosis may occur. Diagnosis may be difficult because the usual assays used in laboratories detect only L-lactate.
Ketoacidosis
Ketoacids are derived from metabolism of fatty acids in the liver. Normal metabolism of fatty acids give rise to formation of triglycerides, CO 2 , water, and ketoacids. However in the absence of insulin, ketoacids are produced out of proportion and cause acidosis.
Ketoacids are; (1) β-Hydroxy butyric acid, and (2) Acetoacetic acid. Acetone is often grouped with Ketoacids but it is not an acid. Uncontrolled Diabetes Mellitus is the most common cause of Ketoacidosis. Starvation and excessive alcohol intake may also give rise to mild to moderate ketoacidosis. Diagnosis of Ketoacidosis requires documentation of Ketones in the blood or urine (Arieff & Carroll, 1972) .
Dilutional metabolic acidosis
It is due to a fall in the serum bicarbonate concentration secondary to extracellular volume expansion by non bicarbonate fluid. Massive amounts of normal saline infusion may produce dilutional acidosis. It is not a clinically significant entity and only of academic interest
Salicylate poisoning
Aspirin (acetyl salicylic acid) poisoning results in mixed respiratory alkalosis and metabolic acidosis. Metabolic acidosis is due to accumulation of salicylic acid as well as lactic acid and ketoacids. Liver plays an important role in the detoxification of salicylate. In case of overdose, this system of detoxification saturates and results in deposition of salicylates in the tissues including brain.
Renal Tubular Acidosis (RTA)
There are 3 types of RTA: Distal RTA (type 1) Proximal RTA (type 2) Hyporenin hypoaldosteronism (RTA type 4) There is a Type 3 RTA also which is a rare autosomal recessive disorder due to carbonic anhydrase II deficiency and has features of both distal and proximal RTA ( 
Distal RTA (type 1)
In distal RTA, the main problem is impaired secretion of acid (H + ) from the intercalated cells of the collecting tubules. Collecting tubules has two types of cells (1) principal cells, which are responsible for sodium and potassium balance, and (2) intercalated cells which are responsible for (H + ) secretion and maintenance of acid base balance. As a result of decreased H + secretion, there is decreased ammonium (NH + 4 ) and decreased titratable acid excretion. Titratable acid means the acid removed by phosphate buffer system of urine. Anion Gap is normal because of retention of chloride along with H + ions. Nephrocalcinosis and nephrolithiasis are known complication of RTA type 1. High urine pH facilitates calcium phosphate precipitation and stone formation in the renal tubules and urinary collecting system (Batlle et al., 2006; Karet, 2009; Rodríguez, 2002) .
Proximal RTA (type 2)
In RTA type 2, the proximal bicarbonate (HCO -3 ) reabsorption threshold is reduced and this results in the loss of filtered HCO -3 . Once a new steady state is achieved with low serum HCO -3 the loss of bicarbonates ceases. Urine pH is initially high due to bicarbnonaturia and later may drop to less than 5.3 in untreated persons.
Type 4 RTA
In type 4 RTA, the primary defect is decreased potassium (K) secretion from the distal nephron, mainly collecting tubules due to aldosterone deficiency or resistance. The decreased H + secretion and subsequent metabolic acidosis is secondary to defective K secretion. Most common cause of Type 4 RTA is hyporenin hypoaldosteronism syndrome. A decreased K secretion results in hyperkalemia and its treatment improves metabolic acidosis (Rodríguez, 2002) .
Metabolic alkalosis
There are two stages of metabolic alkalosis:
(1) Generation of alkalosis, and (2) Maintenance of alkalosis The kidneys are very efficient in correcting the metabolic alkalosis by excreting out the extra bicarbonate. Only generation of alkalosis is not sufficient to produce alkalemia. There must be some other factors present to maintain the alkalosis. Hypovolemia and hypochloremia are the most important etiologies responsible for maintenance of alkalosis (Table 6 and 7) (Khanna & Kurtzman, 2006) .
Urine chloride
Measurement of urine chloride concentration is a key test used in solving the differential diagnosis of metabolic alkalosis. It differentiates between hypovolemic and euvolemic states. In metabolic alkalosis, urine chloride is more reliable indicator of volume status as compared to urine sodium. Urine sodium may be high in spite of hypovolemia in metabolic alkalosis. It is due to the obligatory loss of sodium along with bicarbonate spill over. Based upon urine chloride concentration, the causes of metabolic alkalosis may be divided in two groups (Table 8) .
Saline responsiveness
Metabolic alkalosis may also be classified according to the response to saline administration. Urine chloride will be low in saline responsive alkalosis. Urine chloride may be high or low in saline resistant alkalosis. 
Saline responsive
In these conditions, correction of hypovolemia will result in increased delivery of chloride and sodium to the distal nephron which will result in increased sodium bicarbonate excretion. Examples: Vomiting, Nasogastric Suction, Diuretics, Posthypercapnia.
Saline resistant
In these conditions, the specific treatment of underlying cause is required to correct the alkalosis. Edematous states may respond to saline but may develop pulmonary edema and worsening of peripheral edema. Examples: Congestive heart failure, Cirrhosis, Mineralocorticoid excess, Hypokalemia and Renal Failure. Pathophysiology of the important causes of metabolic alkalosis is discussed below.
Gastrointestinal losses
The secretion of bicarbonate from the pancreas depends upon stimuli by the acid coming from stomach to the duodenum. Vomiting or nasogastric tube drainage prevents the acid from reaching the duodenum resulting in the decreased secretion of bicarbonate. The hdrochloric acid (HCl) loss and retention of bicarbonate results in metabolic alkalosis.
Diuretics
The loop diuretics are the common cause of metabolic alkalosis. They produce alkalosis by volume contraction, increased urinary H + loss and hypokalemia.
Hyperaldosteronism
Primary and secondary mineralocorticoid excess results in metabolic alkalosis. It is primarily due to increased acid secretion from the distal nephron.
Post hypercapnic alkalosis
Rapid lowering of the blood carbon dioxide (CO 2 ) in chronic CO 2 retainers will cause post hypercapnic metabolic alkalosis. Chronic retention of CO 2 stimulates renal HCO3 retention to compensate for respiratory acidosis. Once CO 2 content of the blood is reduced quickly, for example, by ventilator, the compensated HCO 3 component is unmasked resulting in metabolic alkalosis.
Milk alkali syndrome
Excessive intake of calcium salts, for example calcium carbonate, may result in metabolic alkalosis, especially in renal failure. Carbonate is converted to HCO 3 in the body and calcium decreases HCO 3 excretion from the kidneys. It is called milk alkali syndrome because of its association with milk intake which contains large amounts of calcium.
Hypokalemia
Decreased plasma potassium (K + ) level causes shift of K + from intracellular to extra cellular fluid, in an attempt to correct hypokalemia. To keep the electrical neutrality, H + shifts from outside to the inside of the cells. This loss of H + from extracellular fluid results in metabolic alkalosis. It is interesting to note that metabolic alkalosis itself perpetuates hypokalemia. In metabolic alkalosis of any cause, transcellular shift of H + and K + takes place. H + ions move out of the cells to correct alkalosis and K + moves inside the cells producing hypokalemia.
Bicarbonate administration
As mentioned above, in euvolemic persons with normal renal function, it is impossible to produce alkalosis due to rapid renal excretion of any administered HCO 3. However, in hypovolemia or in renal failure, administration of bicarbonates results in metabolic alkalosis simply due to inability of the kidneys to excrete the extra bicarbonates.
Multiple blood transfusions
Massive blood transfusion occasionally results in metabolic alkalosis. Citrate which is used as an anticoagulant in blood is converted to bicarbonate in the liver resulting in metabolic alkalosis.
Contraction alkalosis
Loss of water around a fixed amount of HCO -3 results in increased concentration of HCO -3 and metabolic alkalosis. The increased pure water loss and hypotonic fluid loss by loop diuretics, excessive sweating and congenital chloride diarrhea are examples of conditions associated with contraction alkalosis.
15.14 Bartter's syndrome and Gitelman's syndrome These are the autosomal recessive disorders characterized by hypokalemia and metabolic alkalosis. In Bartter's syndrome, there is a defect in the sodium chloride transport in the thick ascending limb of the loop of Henle at the site of action of loop diuretics. The characteristic abnormalities include hypokalemia, metabolic alkalosis and increased urinary calcium excretion. In Gitelman's syndrome, there is a defect in the sodium chloride transport in the distal tubule which is the site of action of thiazide diuretics. The characteristic abnormalities include hypokalemia, metabolic alkalosis, decreased urinary calcium excretion, and hypomagnesaemia.
Respiratory acidosis and alkalosis
Respiratory acidosis
The primary event in respiratory acidosis is retention of CO 2 . Metabolism of carbohydrates and fats results in the production of CO 2 which combines with H2O to form H 2 HCO -3 . It then dissociate into acid ( H + ) and bicarbonate (HCO -3 ).
CO 2 x 0.03 + H2O <-> H 2 HCO -3 <-> HCO -3 + H + Kidneys compensate to respiratory acidosis by increasing acid (H + ) excretion. Lungs through alveolar ventilation remove CO 2 . In the absence of ventilation, CO 2 will accumulate in the body and will result in severe acidosis (rise of free H + ions and drop of pH). This type of acidosis is called respiratory acidosis (Arieff & Carroll, 1972) . According to the Henderson-Hasselbalch equation, pH depends upon the ratio of bicarbonate and PCO 2. 
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The partial pressure of CO 2 (PCO 2 ) in the arterial blood is in equilibrium with that in the alveolar air. Normal arterial PCO2 is approximately 40 mmHg. CO2 is not an acid. It increases the acidity of the solution through the formation of H 2 CO 3 . Increased PCO 2 will increases the H 2 CO3 concentration. It then dissociates into the acid (H + ) and bicarbonate (HCO -3 ). In contrast to metabolic acidosis, bicarbonate (HCO -3 ) does not act as a buffer in respiratory acidosis. It is part of the problem, not part of the solution. Sodium bicarbonate administration in respiratory acidosis is not beneficial, rather may be harmful. Administration of bicarbonate will result in an initial transient rise in pH due to the left shift. Then, H 2 CO 3 will immediately dissociate and the net result will be higher PCO 2 , higher HCO -3 , higher H + , and lower pH. Intracellular buffers mostly hemoglobin (Hgb) bind free H + and form H + -Hgb which is carried to lungs by the blood circulation. In the lungs, H + is released form Hgb and combines with available HCO -3 to form CO 2 , which is exhaled by lungs to the atmosphere. Increasing ventilation is the only treatment of respiratory acidosis. Renal response to increased H + excretion takes about 3 to 5 days to complete. At this stage, the respiratory acidosis is termed chronic. The PCO 2 /HCO -3 ratio improves to settle pH at a higher level than it was in acute phase. This renal compensation is always suboptimal. If the pH is 7.4 or above, it means that there is a concomitant component of metabolic alkalosis. The degree of compensation and expected pH after compensation are predefined (Table 2 ).
